Even the highly toxic and vesicant lewisite, when viewed in this light, presents little hazard as a water contaminant. Lewisite hydrolyzes almost instantaneously in water to the mildly vesicant oxide. The toxicity of the oxide is apparently due to its trivalent arsenic content, which may be oxidized with ease by chlorine or other oxidizing agents to the less toxic pentavalent state. In fact, trivalent arsenic becomes converted to the pentavalent state upon standing in water. If water containing lewisite is chlorinated according to standard procedures for bacterial purification and is used for not more than 1 week to avoid possible cumulative effects, as much as 20 p.p.m. of lewisite can be tolerated in drinking water (1) . Calculation of the quantities of lewisite required to produce concentrations of physiological significance in the bodies of water mentioned previously quickly reveal the improbability that significant contamination of large bodies of water by lewisite will occur as a result of general chemical warfare.
By similar reasoning, the danger of contamination of fairly large bodies of water during general warfare by agents such as phosgene, chloropicrin, chlorine, chloroacetophenone, diphenyl-chlorarsine, and the like is not particularly great.
Although it may appear that the danger of contamination of water supplies by most chemical agents will be small, nevertheless, the possibility of contamination to dangerous levels is a contingency which requires knowledge of the Md. behavior of chemical agrents in water and of methods of water purification or removal of the agents from water.
Quantitative data applicable particularly to the treatment of water contaminated with all but the more recent nerve gases are available (2, 3) . For a general history of the nerve gases and information relative to the mechanism of action, effects, and treatment of nerve gas poisoning, the reader is referred to articles by Holmstedt (4) , Krop and Kunkel (5), Grob and Harvey (6), Wood (7) , and Krop and Loomis (8) .
In discussing the properties and behavior of the nerve gases Tabun The level of tolerance to Sarin in water has been set at 0.5 p.p.m. with the limitation that the total volume of water taken per day will be no greater than 5 liters and that the period of ingestion will be no more than 3 days (1). This sets 2.5 mg. of Sarin as the maximum intake in a 24-hour period, and 7.5 mg. the maximum in a 3-day period. Except for the unlikely case of recontamination, the concentration on the second and third day will probably be somewhat lower than the initial concentration of 0.5 p.p.m., due to the natural and spontaneous hydrolysis of the nerve gas. The products of hydrolysis, from experimentation with rats, can be considered nontoxic.
By comparison of the toxicities to rats, it is estimated that Tabun is about one-fourth as toxic as Sarin via the oral route. A reduction of the "tolerance level" by 10 to 100 times may be advisable when infants or small children are to be the consumers. The quantities of nerve gases, then, which are needed to bring the level of contamination to a tolerance level for reservoirs of medium capacity do not appear to be of a magnitude sufficient to make contamination improbable.
In fact, it must be concluded that it is probable that water will become contaminated to hazardous levels if the nerve gases Sarin and Tabun are employed during warfare.
Hydrolysis of Sarin
Qualitatively, the behavior of Sarin in water is very similar to that of DFP whose hydrolysis in dilute aqueous solution has been thoroughly investigated (9) . Like DFP, Sarin hydrolyzes to form two acids (equation 1), and the hydrolysis is catalyzed by both acids and bases, although bases are more effective catalysts. The rate of hydrolysis is dependent not only upon the pH but also upon the type and quantity of dissolved solids in the water and the temperature of the water. figure 1 . In alkaline solution, the formation of acid tends to lower the pH of the solution; in slightly acid medium, the hydrolysis products are one acid and one base, and the pH remains constant.
From the data of Larsson (10) and HIolmstedt (11) , it appears that the rate of hydrolysis of Tabun at the P-CN bond is for all practical purposes independent of the hydroxyl ion concentration between the pH range of 4.0 to approximately 8.5 . The half-life of Tabun in this pH range at 20°-25°C. is 2-4 hours.
Detection
Although a nerve gas attack would alert water works personnel, Sarin in water in concentrations of at least 35 p.p.m. is not detectable by odor or taste. Water containing concentrations of the hydrolysis products of Sarin as high as 200 p.p.m. was acceptable to rats. However, Tabun, which possesses a fruity odor, is detectable by smell in rather low concentrations. Furthermore, suspicion as to potability of water supply would be aroused by the odor of hydrocyanic acid which is formed by the hydrolysis of Tabun. Unlike Sarin, Tabun, through its released cyanide, will alter the "chlorine demand" of a water.
The uptake of chlorine in the reaction with Tabun will depend upon whether the chlorinating material is hypochlorite or chloramine. The chloramines will react only with cyanide ion which becomes available as a result of the hydrolysis of Tabun. The uptake of chlorine when hypochlorite is one of the reactants is also due to its reaction with cyanide, but apparently hypochlorite ion catalyzes the decomposition of Tabun to form cyanide so that, in effect, the uptake of chlorine is due to the Tabun as well as to the hydrolysis product.
If appreciable quantities of Sarin have hydrolyzed, and the contaminated water if of low buffer capacity, the low pH of the water, resulting from the acidic hydrolysis products, Both Sarin and Tabun in the presence of their hydrolysis products may be detected and estimated rapidly and in very low concentration by their reaction with benzidine or o-tolidine and alkaline peroxide solutions (12) . By means of this reaction, the author and co-workers have been able to estimate quantitatively as little as 0.1 p.p.m. of Sarin in water, and the method can probably be modified to increase the sensitivity.
The test has been adapted for field use and is included in two Chemical Corps water testing kits described in technical bulletins (13, 14) .
The response of three small species of fish, the fathead minnow (Pimephales pmornelas), the green sunfish (Lepomnis cyanella) , and the goldfish (Carassuis auratus) to Sarin and Tabun are useful to the detection and, in some cases, estimation of small conicentrations of nerve gases in water. The approximate LC50 (concentration of agent required to kill 50 percent of the test animals) for exposures of 10, 15, and 20 minutes at 700-750 F. for the three species are shown in table 1.
It is possible to decrease the concentration of the nerve gas necessary to produce an LC50 by increasing the exposure time, but with increased exposure times, the effect of the pH of the w%vater becomes very important due to hydrolysis rates of the agents. Thus, for a 24-hour period, the LC50 of Sarin for the sunfish is 2 p.p.b. (.002 p.p.m.) if the water is kept at pH 6.5 (mininmum hydrolysis), but 9.5 p.p.b. at pH 8.0. Similar data have been obtained with the other species for Sarin and Tabun.
The LC50 values are increased if the temperature of the water is lowered. For a change of approximately 250 F., the LC50 values for a 10-minute exposure should be multiplied by 6 to 8 for the three species. chlorinate. The rate of hydrolysis is followed by the test methods described (14) and the quantity of alkaline material to be added is regulated by the rate of hydrolysis. The alum or ferric chloride function not only as coagnlants but also to reduce the pH of the water to normal acidities. Water treated by either procedure is potable and palatable.
Conclusion
From the preceding discussion, it appears reasonable to conclude that, in the event of general chemical warfare, the nerve gases Tabun and Sarin must be considered potential water contaminants because of the very small quantities of these agents required to produce toxic symptoms from ingestion. The hazard due to Tabun, however, is lessened somewhat because of its ease of detection in water by taste, odor, and chlorine demand test. Sarin presents a more difficult problem inasmuch as specific detection methods are necessary. Once detected, both Sarin and Tabun can be rapidly destroyed by simple decontamination procedures.
